By not allowing wages to clear the labor market, the minimum wage could cause workers with low reservation wages to be rationed out while equally skilled workers with higher reservation wages are employed. This paper exploits overlapping CPS panels to more precisely identify those most affected by the minimum wage, a group I refer to as the "unskilled." I test for inefficient rationing by examining whether the reservation wages of employed unskilled workers in states where the 1990-1991 federal minimum wage increase had the largest impact rose relative to reservation wages of unskilled workers in other states. I find that proxies for reservation wages of unskilled workers in high-impact states did not rise relative to reservation wages in other states, suggesting that the increase in the minimum wage did not cause jobs to be allocated less efficiently. However, even if rationing is efficient, the minimum wage can still entail other efficiency costs (e.g., from employment reductions).
Introduction
Debates about the minimum wage tend to center on the relative magnitudes of its redistributive benefits and unemployment costs.
The debate about the employment effects of the minimum wage has been especially heated (see, Burkhauser et al., 2000; Card, 1992; Card and Krueger, 1994, 1995; Deere et al., 1995; Katz and Krueger, 1992; Neumark and Wascher, 1992 , 2000 and Singell and Terborg 2007) . Brown (1999) and Neumark and Wascher (2007) give comprehensive overviews of the debate on the possible employment cost of the minimum wage.
However, the costs of the minimum wage are not necessarily limited to unemployment. The minimum wage also interferes with the allocative function of the labor market, which could lead to an inefficient allocation of workers to jobs (Friedman and Stigler, 1946; Lott, 1990) . Even if the increase in the minimum wage has no impact on total employment, it can cause inefficient rationing. This happens if workers who were unwilling to work at the old and lower minimum wage end up in jobs that otherwise would have been filled by workers of the same skill level who are willing to work at the old minimum wage.
1 In this case, workers with reservation wages below the old minimum wage are displaced by workers with reservation wages above the old minimum wage. 2 The deadweight loss of such inefficient rationing is equal to the difference between the reservation wages of these two types of workers and, as Glaeser and Luttmer (2003) point out, this deadweight loss is typically a first-order loss. In practice, of course, the minimum wage can also affect the level of employment. As explained in more detail in Section 2 below, the extent to which the minimum wage induces inefficient rationing can be inferred from changes in reservation wages after controlling for the change in reservation wages that can be accounted for by the change in employment.
Theory cannot tell us a priori whether rationing will be efficient or not. Rationing is efficient if, for each group of people with the same marginal product, 1 Since the market for minimum wage jobs has a lot of turnover, the rationing process could also operate through the job retention process in addition to the hiring process. For example, a minimum wage increase could reduce the efficiency of rationing by increasing the job retention of those with relatively high reservation wages more than the job retention of those with relatively low reservation wages. 2 I use the term reservation wage to denote the wage that exactly compensates the employee for the disutility of effort because the welfare consequences of a job allocation are based on the disutility of effort in that job allocation. If a person has a one-shot choice of accepting a job or not, the lowest wage at which this person will accept the job equals the disutility of effort. However, if the person can continue to search and wage offers are stochastic, the lowest wage at which a job will be accepted is equal to the disutility of effort plus the option value of continued search.
all non-employed people have a reservation wage that equals or exceeds the reservation wage of any employed person. In other words, it must be impossible to increase social welfare by interchanging employed and non-employed individuals with the same skill level. This concept of efficient rationing takes employment at each level of skill as given and therefore does not include the efficiency cost of the minimum wage possibly leading to a substitution of higherskilled workers for lower-skilled workers. 3 I n addition, it does not in clude potentially important costs of the rationing process itself such as queuing costs (see Barzel, 1974, and Suen, 1989) . Rationing may result in an efficient job allocation if those with the lowest reservation wages are willing to spend more effort in activities that increase their chance of getting a job. However, rationing will be inefficient if employers randomly select employees with heterogeneous reservation wages from an excess supply of potential employees of the same skill. Inefficient rationing also results if, for some reason, those with high reservation wages have an edge in obtaining jobs over persons with low reservation wages. 4, 5 This paper examines empirically whether higher minimum wages reduce the efficiency of the allocation of jobs. 6 Misallocation and rent-seeking costs of price controls have been empirically estimated in other settings, most notably for the gasoline market by Deacon and Sonstelie (1989) and Frech and Lee (1987) , for the housing rental market by Glaeser and Luttmer (2003) , and for the natural gas market by Davis and Kilian (2007) . Linneman (1982) and Lang and Kahn (1998) give evidence that minimum wages affect the composition of employment, hinting that the rationing process may favor certain types of workers. Palda (2000) simulates the deadweight loss of rationing under the assumption that rationing is random. To my knowledge, however, this is the first study that empirically examines the relationship between the minimum wages and inefficient job rationing.
Because the minimum wage is only binding for a relatively small group of unskilled individuals, it is necessary to identify these individuals accurately in 3 The benefit of using a rationing concept that takes employment at each skill level as given is that it eliminates the need to estimate the effect of a change in employment at one skill level on the marginal product of workers of other skill levels who are substitutes or complements in the production function. 4 For example, this could be the case if persons who live in a household with another working adult both have a relatively high reservation wage and have an edge in getting a job due to the connections of the working member in their household. 5 T o t h e e x t e n t t h a t w e k n ow f r om o t h e r s o u r c e s t h a t s om e o f t h e s e i n e f f i c i e n t r a t i o n i n g mechanisms are being used, we know that rationing cannot be perfectly efficient. The empirical approach of this paper focuses instead on the effect of increasing the minimum wage on the efficiency of the resulting job allocation. 6 Holzer, Katz and Krueger (1991) find that minimum wage jobs attract more applicants than jobs that pay either slightly more or slightly less. This constitutes the most direct evidence that the minimum wage leads to rationing.
order to obtain precise estimates of minimum wage effects. This paper develops a novel measure of skill to identify these individuals. Rather than measuring skill by characteristics such as age, education, industry or occupation, this paper uses market wages. More specifically, for a given state and year, a person's wage is a reflection of her skill as valued by the market. Over time, however, the wage that a person with a constant skill level earns may change for many reasons, such as changes in technology or in the minimum wage. Thus, to use the wage as a measure of skill, it is important to net out these state-specific changes in the returns to skill. I use the overlapping panel nature of the Current Population Survey (CPS) to estimate state-specific changes in returns to skill and then use these estimates to infer skill from wages in different years. Using these wagebased skill measures, I divide the working population into four skill groups: unskilled, low-skilled, semi-skilled and skilled. The skill levels of these groups correspond respectively to the first, second, third, and top seven wage deciles of the 1989 state wage distribution.
The 1990/91 federal minimum wage increase (from $3.45 to $4.25) had a greater impact in some states than in others because of differences in state minimum wages, skill composition, and nominal returns to skill. I measure the degree of the impact by the fraction of workers in each state earning from $3.35 to $4.24 per hour in 1989. The impact of the federal minimum wage increase varied not only across states but also across skill groups within a given state. I use these differences across skill groups as a specification check on the estimates of the efficiency of job rationing.
Using data from the merged outgoing rotation groups of the Current Population Survey of 1989 and 1992, I find that employment for the unskilled group fell significantly in states where the minimum wage impact was large compared to states where it was relatively small. This is consistent with findings on the effects of the 1979-80 minimum wage increases by Currie and Fallick (1996) , who also use a wage-based measure of skill. However, this employment reduction among the unskilled seems to be largely offset by increased employment among low-skilled workers, who are likely to be close substitutes for the unskilled. This finding implies that, for a more broadly defined group of less skilled workers (which includes both unskilled and low-skilled workers), no large negative employment impact can be found. The prior evidence on the effects of the minimum wage on more broadly defined groups of less skilled workers (such as teenagers) is mixed and controversial. For example, using cross-state comparisons, Card (1992) finds no effect of the 1989 minimum wage increase on teenage employment, while Neumark and Wascher (1992) find significant disemployment effects using state-level panel data.
Because reservation wages are not available in the CPS and because selfreported reservation wages may themselves be affected by the minimum wage, I instead use proxies that are likely to be correlated with reservation wages within skill groups, such as the potential income of other household members. In a scenario with inefficient rationing, the average reservation wage of unskilled workers rises as the minimum wage enables individuals with higher reservation wages to displace workers with lower reservation wages.
7 I find, however, that the average reservation wage of unskilled workers fell between 1989 and 1992 in the states where the minimum wage had the greatest impact relative to other states. This fall in the average reservation wage is statistically significant for two of the four reservation wage proxies and cannot be explained by changes in the level of employment of unskilled workers. This finding suggests that the minimum wage increase did not lead to additional inefficient rationing. The average reservation wage proxies did not fall significantly for any of the other skill groups in the high-impact states but showed a significant increase in some cases. It therefore seems unlikely that exogenous state-specific shocks to reservation wage proxies can explain the relative decrease in the average reservation wage of unskilled workers, unless these shocks only affected unskilled workers but not other types of workers. Additional alternative explanations are explored in section 4.2, but I conclude these are unlikely to explain the findings.
A caveat to these results is that they are based on a relatively modest minimum wage increase and only examine changes in the allocation of jobs over a four-year period. They do not rule out the possibility that the minimum wage could lead to inefficient rationing over a longer time period or that a larger minimum wage increase could cause inefficient rationing. In addition, I do not measure the cost of any effort that workers might undertake in order to get the rationed minimum wage jobs (such as queuing costs). Finally, I only estimate the efficiency of rationing within skill groups and thus do not estimate the efficiency cost of any changes in the skill composition of the work force due to the minimum wage.
While the lack of evidence of inefficient rationing bears favorably on using the minimum wage as an instrument for income redistribution, the estimates of the employment effects of the minimum wage suggest caution. I find that employment among the unskilled drops significantly in states where the minimum wage had the greatest impact. This loss in employment seems to be largely offset by a gain in employment among the low-skilled. Hence, while total employment may not be significantly affected, some of the least skilled members of society are likely to be hurt by the minimum wage.
7 U s i n g s e l f -r e p o r t e d r e s e r v a t i o n w a g e s f r om a n o t h e r d a t a s e t , t h e P a n e l S t u dy o f I n c om e Dynamics, I find empirical support for the reservation wage proxies.
Theoretical Framework
It has long been known that one of the potential costs of imposing wage or price controls is that jobs or goods may no longer be allocated to those who value them most (Friedman and Stigler, 1946) . Various authors have presented theoretical analyses of misallocation and rent-seeking costs of controls that prevent prices from clearing the market (Barzel, 1974; Weitzman, 1977; Suen, 1989; and Palda, 2000) . Building on this work, I present a simple theoretical framework that generates predictions, which in turn enable us to draw inferences from the empirical results about the efficiency of rationing.
The efficiency of rationing is a concern in markets in which there is heterogeneity across individuals in their valuation of the good (or job). If all individuals had the same valuation, then any allocation across individuals would be equally efficient. In the labor market, the degree to which an individual values a job is given by her reservation wage for that job. For simplicity, I assume that jobs are homogeneous. This implies that an individual's reservation wage is the same for all jobs, which rules out efficiency losses from misallocation within a given set of working individuals and a given number of jobs.
8
Consider a segment of the labor market in which all individuals have the same level of skill, i.e., they are equally productive from the perspective of a firm.
9 Let there be a continuum of these individuals, who are indexed by their reservation wage θ.
10 Their cumulative distribution is given by G(θ) and their density by g(θ). Each individual either works full-time or is not employed. To measure the efficiency of the allocation of these individuals to a given number of jobs, it is useful to introduce an allocation function p(θ). This function denotes for each value of θ the fraction of individuals with that reservation wage holding a job. An efficient allocation of jobs requires (and implies) that every person holding a job values this job more than any individual without a job. Hence:
8 In the case of heterogeneous jobs, even if the people with the lowest reservation wages obtain jobs, they might not be matched to the jobs that they value most. This type of misallocation can be an additional efficiency cost of price controls. I cannot test if the allocation of workers across jobs is efficient because that also requires information about job characteristics, which is not available in the data used. However, Glaeser and Luttmer (2003) find that this type of misallocation constitutes a large fraction of the misallocation costs of rent-control. 9 This assumption will be relaxed later to analyze how the imposition of a minimum wage can affect skill groups for which the minimum wage is not binding. 10 I assume that the private reservation wage equals the social reservation wage. In other words, there is no externality from a job being taken by one individual over another.
with L denoting total employment. In a competitive market, θ * would equal the market-clearing wage.
If the market is distorted, the welfare loss per working person from a misallocation of jobs is found by comparing social welfare for the observed job allocation, p(θ), to the efficient allocation:
Equation 2 shows that the deadweight loss per job from an inefficient job allocation can be decomposed into two terms: (i) the actual average reservation wage of all working individuals and (ii) the average reservation wage of working individuals under the efficient allocation. This second term does not depend on the allocation function, only on total employment (L) and the population distribution of reservation wages (g(.)). Rearranging and totally differentiating (2) shows that the change in the average reservation wage of individuals is given by:
According to equation 3, the changes in the average reservation wage of working individuals that cannot be explained by changes in employment indicate a change in the efficiency with which jobs are allocated. To investigate whether the minimum wage causes inefficient rationing, the change in the average reservation wage of working individuals is regressed on the impact of the minimum wage and a control for changes in employment. A positive coefficient on the impact of the minimum wage on reservation wage indicates that a minimum wage increase leads to a higher deadweight loss of job rationing. In a labor market with multiple segments, each consisting of workers with roughly the same level of skill, this analysis can be extended to apply to each segment. Because labor of a certain skill level may be a complement or substitute for labor of other skill levels, employment changes in one segment may affect labor demand in the other segments. Through this mechanism, the effects of an increase in the minimum wage will not remain limited to those skill segments where the increase is binding. If the minimum wage reduces employment in the unskilled segment and labor demand is not completely inelastic, then labor demand will increase for those skill levels that are substitutes for the unskilled workers. It is plausible that the closest substitutes for the unskilled workers are low-skilled workers. In this case, demand for low-skilled workers would increase, possibly increasing their wages such that the minimum wage is no longer binding for them.
If nearby skill groups are sufficiently close substitutes, the links between the different skill segments of the labor market have two important implications. First, rationing only takes place among unskilled workers. Therefore, it is important to identify the unskilled accurately when testing for changes in the efficiency of rationing. Second, the employment effects of the minimum wage are likely to be of opposite signs for unskilled and low-skilled workers. Hence, the measured employment effects of the minimum wage on a group of workers that includes both unskilled and low-skilled workers are likely to be less pronounced. This, too, suggests that it is necessary to have a precise measure of skill in order to estimate whether the minimum wage causes a loss of jobs among the unskilled individuals.
Data and Empirical Methodology

Data
The empirical methodology consists of two main steps. The first step estimates a so-called wage evolution curve for each state. These curves will allow us to identify workers with the same level of skill, as measured by the wage they receive and adjusted for the fact that the relationship between wages and skill may change over time. This enables us to identify the group of workers that is most affected by the minimum wage (the "unskilled"). The first step is explained in more detail in Section 3.2 below. The second step estimates how the increase in the federal minimum wage affected employment and the efficiency of rationing of unskilled individuals, and this step is explained in detail in Section 3.4 below. Because only the first step requires that individuals appear in two consecutive years, different samples are used for these two steps.
The data used to estimate the wage evolution curves come from the NBER extracts of the merged outgoing rotation groups of the Current Population Survey for 1989 to 1992. Because approximately half the individuals who are in the outgoing rotation group in one year reappear in the next year's outgoing rotation group, it is possible to construct three overlapping panels by matching individuals who appear in two consecutive years. Each panel contains approximately 115,000 persons, consisting of individuals that are matched in two consecutive years. Because many of these individuals, especially those over 65, have a missing or allocated wage in one or both years, the sample on which the wage evolution curves are based consists of approximately 45,000 individuals in each of the three overlapping panels. Appendix A describes the matching procedure. The CPS merged outgoing rotation groups also provide the sample used to examine the effects of the minimum wage on employment and the efficiency of rationing. This sample combines the outgoing rotation groups from 1989 with those from 1992. The sample is limited to individuals between the ages of 16 and 65 and excludes working people with missing wages, allocated wages, or wages below $1.00/hr (which are likely to be measurement error). The wage is measured as the hourly wage for hourly workers and as usual weekly earnings divided by usual weekly hours for salaried workers. The sample size for 1989 and 1992 combined is 472,152 observations. Table 1 shows the means and standard deviations for the variables in this sample.
Formation of Skill Groups
Because the minimum wage mainly affects low-wage workers, the accuracy of estimates of minimum wage effects increases with the precision with which these individuals are identified. Researchers often use demographic characteristics, such as education or age, to identify these individuals. In the context of this paper, however, using age to identify low-wage workers limits our ability to use age as a proxy for reservation wages (since in a group defined by age, the average age cannot, by definition, vary much). Therefore, I only use education as the demographic characteristic to identify low-wage workers and create three education groups: high school dropouts, high school graduates and those with some college or more.
In order to identify those affected by the minimum wage more precisely than is possible with education, this paper develops a methodology that exploits wage data to identify these individuals.
11 If we define skill such that wages are strictly increasing in skill within each state-year cell, then the working population can be divided into skill groups based on their observed wages in a given state before the minimum wage increase. However, due to the increase in the minimum wage and other shocks to the labor market, the wages that correspond to each skill level likely change over time. Thus, for each skill group, we must identify those individuals, in the period after the minimum wage increase, who would have earned the same wage as members of that skill group in the period before the minimum wage increase. In order to create groups with constant skill levels over time, one needs to know the 1989 wage and the 1992 wage that correspond to each skill level. Plotting these two wages for all skill levels in a given state yields a so-called "wage-evolution" curve for that state. As illustrated in Figure 1 , the wage evolution curve tells us how the boundary wages between the skill groups in 1989 (w 1,89 , w 2,89 , and w 3,89 ) correspond to boundary wages in 1992 (w 1,92 , w 2,92 , and w 3,92 ). These boundary wages in 1992 can then be used to construct the skill groups in 1992 that have the same level of skill as the corresponding group in 1989.
To construct a wage evolution curve, we need two consecutive years of wage observations for individuals with a constant skill level. It seems likely, however, that the skill level of workers observed in two consecutive years of the CPS increases because their work experience increases by one year. To correct for the increase in the wage that results from the increase in experience, I estimate cross-section regressions of log wage on a spline in age. I run separate regressions with state fixed effects for each sex-race-education cell. 12 The sample is restricted to workers with wage observations in both years to ensure compatibility with the sample used for the wage evolution curves. Hence, the following OLS regressions are run for each sex-race-education cell (indexed by k): (4) where i indexes individuals and s indexes states. The dependent variable is the log wage in the base year and the independent variables are a full set of state 12 There are two sex categories, two race categories (black and non-black) and four education categories (high school dropout, high school graduate, some college, and college or more) yielding 16 sex-race-education cells. dummies (δ sk ) and a spline in age with breakpoints every four years. 13 The error term is denoted by ε isk .
The estimates ˆk j β are used to adjust the second year wage for the increase in skill associated with one extra year of experience. Therefore, we have two wage observations for worker i: wage i,t , the actual wage earned in year t, and , 1 i t wage + , an estimate of the wage the worker would have earned in year t+1 if his skills had remained constant.
14 These wage pairs are used to estimate a separate wage evolution curve for each state. The functional form used for the wage evolution curve is an 11-segment spline in the log of wages: 
where i indexes individuals, s indexes states and t indexes years. The breakpoints of the spline are denoted by ln κ j and the error term is given by η ist .
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The slope of the wage evolution curve may be too flat because of attenuation bias caused by measurement error in the wage in the base year. To mitigate this bias, I ran exactly the same procedure in reverse, which yields an estimate of the inverse of the wage evolution curve. This estimate is biased towards zero as well. Under the assumption that the distribution of measurement error is constant over time, the biases have the same size, and it is possible to obtain an unbiased estimate of the wage evolution curve by combining the biased estimate of the wage evolution curve with the biased estimate of its inverse.
16
Using the procedure described above, three wage evolution curves are estimated for each state: for 1989-90, 1990-91 and 1991-92 . For each state, these three curves are combined to form a single wage evolution curve for 1989 and 1992, as shown in Figure 1 . 13 In cases with fewer than 25 observations between two breakpoints, breakpoints were removed such that each spline segment was based on at least 25 observations. 14 Specifically, (4) for the age category and sex-race-education cell of individual i. 15 The breakpoints in the spline, ln κ j , occur at hourly wages of $0.99, $ 3. 34 $4.24, $5.49, $6.99, $8.49, $9.99, $12.49, $14.99, $17.49, $19.99 and $25.00 . If necessary, spline segments are combined to ensure at least 25 observations in each segment. However, the breakpoints at $3.35 and $4.25 are never removed. 16 If the attenuation bias in the wage evolution curve and its inverse are the same, any point (x,y) on the unbiased curve will show up as (x,y+v) on the biased wage evolution curve and as (x+v,y) on the biased inverse wage evolution curve, where v is the attenuation bias at point (x,y). The unbiased wage evolution curve can therefore be found by numerically determining the set of points (x,y) for which there exists some v such that (x,y+v) lies on the biased wage evolution curve and (x+v,y) on the biased inverse wage evolution curve. 2) The wage boundary between unskilled and low-skilled workers in 1989 is the wage at the 10 th percentile of the wage distribution in the relevant state. The wage boundary between these two skill categories in 1992 is found by estimating what the wage in that state would be in 1992 for a worker of the same skill as a worker earning the boundary wage in 1989. This estimation procedure is described in detail in section 3.2.
The working population is divided into four skill groups: in 1989, the unskilled, the low-skilled, the semi-skilled a n d t h e skilled g r o u p c o n s i s t respectively of workers in the first, second, third and in the top seven deciles of the 1989 state wage distribution. The wage evolution curve is used to find the 1992 wages that separate these four skill levels. In 1992, workers are classified into the four skill groups based on their 1992 wage and these boundary wages. Table 2 shows the boundary wages that separate these four skill groups in 1989 and in 1992 for each state.
17 These four skill groups are an input into the method of estimating whether an increase in the minimum decreases the efficiency of the job allocation, i.e., they are needed for the second step of the estimation procedure, which is explained below in more detail in Section 3.4.
Reservation wage proxies
For jobs to be allocated efficiently within a group of equally skilled workers, they must be allocated to those individuals who have the lowest reservation wages. The CPS does not ask about reservation wages, and even if it had asked about them, we would be concerned that the minimum wage directly affects a worker's reported reservation wage, even if that worker's disutility of effort remains unchanged. Thus, to test for inefficient job rationing, I instead use variables that are correlated with reservation wages conditional on skill level. Based on theoretical considerations, I identify the following four reservation wage proxies:
(1) Labor earnings of other household members. This proxy variable is likely to be positively correlated with reservation wages because the hardship of non-employment tends to be lower if other household members have more 17 One might be concerned about the ability of the wage evolution curve approach to handle spikes in the wage distribution, in particular spikes at the minimum wage. While spikes cause a concentration of observations at particular wage levels in a diagram with this year's wage on one axis and next year's wage on the other axis, such a concentration would not bias a regression of next year's wage on the current year's wage. In other words, wage spikes will not bias the estimated wage evolution curves. The main complication of spikes in the wage distribution comes at the point where the labor force in 1992 is divided into skill groups based on the boundary wages, as estimated by the wage evolution curves. While there is hardly ever a spike at these 1992 boundary wages itself (it therefore hardly matters whether the boundary is inclusive or not), small variations in the estimated boundary wage can cause the whole spike to fall either in the skill group below the boundary or above the boundary. While there is no reason to believe that there is a systematic relationship between the impact of the minimum wage on a state and inaccuracies in the wage boundary causing wage spikes to fall on a particular side of the boundary in that state, I recognize that the estimates of the effect of the minimum wage on employment would be sensitive to any such a systematic relationship. Thus the employment effect results should be interpreted with caution (as I also stress in section 4.1). The estimates of the effect of the minimum wage on the efficiency on rationing are relatively insensitive to any bias in the size of the unskilled group because these estimates also include a control for the size of the unskilled group. They are therefore the primary focus of this paper.
income. Ideally non-labor earnings of other household members would also be included, but they are not available in the CPS outgoing rotation groups.
(2) The number of other employed persons in the household. This proxy variable is expected to be positively correlated with reservation wages because the value of household production is likely to be higher if other household members are spending time at work. Moreover, the hardship of nonemployment is likely to be lower because the other household members provide earnings. This proxy will be stronger if the variation comes from additional employed adults in the household rather than employed children, who likely contribute relatively little to household income.
(3) The number of other adults in the household, where adults are defined as people aged 20 and older. Because other adult household members could potentially find a reasonably paying job, this variable is likely to be positively correlated with reservation wages for the reasons mentioned above. This proxy will be stronger if the other adults are not too old to work productively. (4) Younger than 30. Teenagers and people in their twenties are likely to have a higher reservation wage (for a given skill level) because of schooling opportunities available to them, the possibility of parental support and fewer financial commitments such as mortgages.
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A number of surveys have asked individuals about their reservation wage; these responses can be used to test the validity of these proxies. 19 In practice, three important issues complicate validating the reservation wage proxies. First, some skepticism seems justified concerning the degree to which reservation wages can be measured by the answer to "What is the lowest wage or salary you would accept on any job?" Individuals may not know the answer, may engage in wishful thinking, or may understate their reservation wage to show they are truly unemployed and rightfully claim unemployment benefits (especially if they believe the government may obtain their answer). Moreover, the questions are usually vague about the job characteristics and opportunities for further search. Second, the question is typically asked of a select sample such as unemployed individuals who are actively seeking work. Third, care must be taken to control adequately for skill, otherwise reservation wage proxies may not reflect the 18 The choice of the exact age cutoff is admittedly arbitrary. Rather than trying to fine-tune this cutoff, I chose to use a round number. 19 Other studies have used self-reported reservation wages to analyze search behavior and the effects of government actions on unemployment. These studies include Kiefer and Neumann, 1979 (using a survey conducted by Pennsylvania State University), Feldstein and Poterba, 1984 (using a 1976 CPS supplement), Holzer, 1986 (using the NLSY) and Jones, 1989 Jones, (using a 1982 survey conducted by the Economist Intelligence Unit). As an alternative approach, Hofler and Murphy (1994) use a stochastic frontier regression technique to infer reservation wages from a sample of employed workers. None of these studies confirm or reject the proposed proxies for reservation wage conditional on skill.
individual's time and effort costs of working but merely reflect the earnings opportunities corresponding to the unobserved skill level of that individual.
Despite these caveats, it remains valuable to examine whether my reservation wage proxies receive empirical support. Using the self-reported reservation wages from the Panel Study of Income Dynamics, I find that, conditional on skill, each of the four proxies is positively correlated with selfreported reservation wages. Moreover, the correlation is statistically significant at the 5% level for all but the third proxy (No. of other adults in the household). The validation results are described in detail in appendix B.
Inferring Rationing from Differential Changes in Reservation Wages
The federal minimum wage increased from $3.35/hr to $3.80/hr in April 1990 and was raised to $4.25 in April 1991. I measure the impact of the federal minimum wage increases on a state by the fraction of workers in that state who earn an hourly wage between $3.35 and $4.24 in 1989. This impact measure is listed for each state in the first column of table 2 and varies from 1.7% for Alaska to 20.3% for Mississippi. The measure is similar to the one used by Card (1992) , except that he only considered teenage workers, whereas my sample includes all workers.
The impact of the federal minimum wage differs, not only across states, but also across skill groups. In particular, the impact is greatest on unskilled workers. This variation in the impact of the minimum wage increase across states and skill groups is used to test the effect of minimum wages on the efficiency of rationing.
First, for expositional ease, consider an increase in the minimum wage in a state where employment remains constant (e.g., because labor demand is perfectly inelastic). Under efficient rationing, the average reservation wage of the employed should not be affected. Under inefficient rationing, however, we would expect the average reservation wage of workers to increase because some nonemployed people with high reservation wages take jobs that otherwise would have been held by people with lower reservation wages. We would expect the increase in average reservation wages to show up most strongly for unskilled workers because the increase in the minimum wage affects them most. Next, consider a minimum wage increase in a state where employment also changes. Under efficient rationing, a decrease in employment should decrease the average reservation wage of workers because those with the highest reservation wages are rationed out. Inefficient rationing, however, leads to reservation wages that are higher than what one would have expected the reservation wages to be given the change in employment in the unskilled group.
To examine whether an increase in the minimum wage leads to inefficient rationing, the following regressions are run:
where s indexes states and k indexes wage-based skill groups or education groups. A separate regression is run for each of these groups. The dependent variable is the change between 1989 and 1992 in the average reservation wage (as measured by one of the four proxies) in group k in state s. The key explanatory variable is impact s , which measures the impact of the federal minimum wage increase on state s by the fraction of workers in that state earning between $3.35 and $4.24 in 1989. I instrument impact s by its own value lagged one year to rule out the possibility that any of the results are driven by random over or under sampling in 1989 of certain subgroups of the population.
20 Random over or under sampling of subgroups that constitute a disproportionate share of low-wage workers and have a higher or lower than average reservation wage would create a mechanical correlation between impact s and changes in the reservation wage proxies. The second independent variable is ∆groupsize sk , which measures the change between 1989 and 1992 in the size of group k in state s as a fraction of the working-age population in that state. This variable controls for any changes in the average reservation wage that can be attributed to changes in the group's employment rate. The error term is denoted by v sk .
Theory predicts that γ k should be positive for the employed groups and negative for the non-employed groups if the efficiency of rationing remains constant, but because omitted variables could both affect ∆groupsize (by affecting the employment rate) and changes in reservations wages, I do not interpret this coefficient causally. If the minimum wage increase has no impact on the efficiency of rationing, theory predicts that β k should be zero for all groups. If the minimum wage increase exacerbates inefficient rationing, β k is positive for the unskilled group but equal to zero for the other employed groups for whom the minimum wage is not binding. Under inefficient rationing, the average reservation wage of non-employed unskilled individuals decreases. However, because non-employed unskilled individuals constitute only a fraction of the nonemployed group, it is doubtful that this effect can be tested using the estimate of β k for the non-employed group. Following from these predictions, estimates of β k that are only positive for unskilled workers but not for the other groups would indicate that a minimum wage increase reduces the efficiency of the allocation of jobs. 20 In particular, when I calculate the lagged value of impact s , I only use observations in the 1988 CPS sample that are in their second interview year, which ensures that they are not part of the 1989 CPS sample.
For the education groups, theory predicts that inefficient rationing will lead to a positive β k for the employed and that β k will be larger for less educated workers than for more educated workers. Under inefficient rationing, β k will be negative for the non-employed and β k will be more negative for less educated individuals. Finally, one can control for reservation-wage shocks that are unrelated to the minimum wage increase and specific to education groups and states by taking the difference between the β k of employed and non-employed individuals in each education group. Hence, under inefficient rationing, this difference (∆β k ) should be positive and decreasing with education.
Empirical Results
Effects on Wages and Employment
Before turning to the main question of whether the increase in the minimum wage led to inefficient rationing, I present estimates of the impact of the minimum wage on wages and employment. For wages, these estimates serve as a joint check on the impact measure and the estimates of the wage evolution curves. For employment by skill level, these estimates of the impact of the minimum wage are of direct interest to policy.
To examine whether wages evolved differently in states where the impact of the federal minimum wage increase was relatively large, the following regression was run for each skill group:
where ∆wage sk is the change in the wage (in $) for a worker of skill k (as measured by the 1989 wage) in state s and impact s is the impact of the federal 1990/91 minimum wage increase on state s (as measured by the fraction of workers in 1989 with wages between $3.25 and $4.24). For each skill level, a separate cross-section IV regression is run with 51 observations. The impact measure is instrumented by its own lag of one year to rule out the possibility of a mechanical correlation due to sampling variation. Figure 2 graphs the coefficients β k and the corresponding confidence intervals, which are based on Huber/White robust standard errors. The figure shows that the coefficients corresponding to skill levels of $3.00 to $3.35 are not significantly different from zero. This result should come as no surprise because the wages of workers in these skill levels must be raised to the new legal minimum of $4.25 independently of the fraction of workers who are affected by this change. The coefficients corresponding to skill levels from $4.00 to $5.00 are significantly positive. This finding is consistent with the case that workers with skill levels in the $4.00 to $5.00 range are close substitutes for workers with skill levels around $3.35. In states where a larger fraction of workers are affected by the minimum wage increase, one would expect a bigger drop in employment among unskilled workers, which increases the wages of workers who are close substitutes for them. The magnitude of the coefficient, about 4, implies that the wages of workers with skill levels between $4.00 and $5.00 increased by about 75 cents more in the highest impact state, Mississippi, than in the lowest impact state, Alaska. The wages of workers of skill levels corresponding to $6.00 and up are not significantly affected by the impact of the minimum wage on their state. This graph depicts the differential impact of the federal minimum wage increase on the wage distribution across states. The graph plots the coefficients β k and the corresponding confidence intervals of the following regressions:
where ∆wage sk is the change in the wage (in $) for a worker of skill k (as measured by the 1989 wage) in state s and impact s is the impact of the federal 1990/91 minimum wage increase on state s as measured by the fraction of workers in 1989 with wages between $3.25 and $4.24. For each skill level, a separate cross-section IV regression is run with 51 observations. The impact measure is instrumented by its own lag of one year. The confidence interval is based on Huber/White robust standard errors.
To examine the effect of the minimum wage increase on employment, I classified individuals into wage-based skill groups and into education groups, as described in section 2. Table 3a shows the summary statistics for the four wagebased skill groups and for the group of non-employed individuals. This table n/a n/a n/a Low-skilled 0.193 0.109 0.063 n/a n/a n/a Semi-skilled 0.138 0.119 0.074 n/a n/a n/a Skilled 0.446 0.694 0.809 n/a n/a n/a n/a n/a n/a Low-skilled 0.259 0.140 0.082 n/a n/a n/a Semi-skilled 0.140 0.133 0.080 n/a n/a n/a Skilled 0.386 0.645 0.786 n/a n/a n/a See notes to Table 3a. shows that unskilled workers are disproportionately young, female, single, less educated and live in households with more other adults. While unskilled workers have the highest rate of high school dropouts, the other skill groups still have substantial high school dropout rates. The same holds for the other dimensions along which unskilled workers are over-represented. This implies that skill groups based on any of these other variables would span a relatively large range of skills as measured by the wage employers are willing to pay these individuals. Table 3b shows the summary statistics for the education groups. It shows that employed high school dropouts are disproportionately young, male, black, single and from households with more other adults. This reveals some striking differences between the high school dropouts and the unskilled. High school dropouts are disproportionately male whereas unskilled workers are disproportionately female. Unskilled workers are also much younger and more often single than high school dropouts. Finally, the fact that less than 25% of the high school dropouts earn wages in the bottom wage decile implies that even high school dropouts span a considerable range of skills as measured by wages. Table 4 shows how the level of employment for each skill group is affected by the impact of the federal minimum wage increase. Panel A shows the results for the wage-based skill groups. It shows that the unskilled group experienced a large and significant decline in employment in states where more workers were covered by the federal minimum wage increase compared to other states. Employment among the low-skilled, in contrast, showed a significant increase in those states relative to the other states.
21 This is the expected result if the low-skilled are close substitutes for unskilled workers. Employment in the other two skill groups also shows a relative increase in the high-impact states, but this increase is not significant. It seems very unlikely that the large relative decrease in the fraction of non-employed persons in high-impact states can be explained by the minimum wage. Rather, it seems that high-impact states happened to experience favorable economic shocks relative to low-impact states. This makes the drop in employment among the unskilled even more striking. Apparently this drop occurred in spite of relatively favorable economic conditions in those states. These results indicate that, while the minimum wage may only have a minor employment impact on a broadly defined group of less skilled workers, it has a large negative impact on employment among the least skilled workers. The apparent coincidence of relatively favorable macro conditions in 2) The dependent variable is the percentage point change between 1989 and 1992 in the size of the group as a fraction of the working-age population (ages 16-65).
3) The independent variable is Impact of minimum wage, which is a measure of the impact of the 1990/91 federal minimum wage increase in each state. It is measured as the fraction of workers between the ages of 16 and 65 whose wage in 1989 was greater than or equal to $3.35/hr and strictly less than $4.25/hr. The wage is measured as the hourly wage for workers for hourly workers and as usual weekly earnings divided by usual weekly hours for salaried workers. 4) Each line corresponds to a separate cross-section regression with the 51 states as observations.
In each regression, Impact of minimum wage is instrumented for by its value lagged one year. The lagged value of this impact measure is calculated using only CPS observations that are in their second interview year, i.e., those that cannot appear in the next year. 5) The last column shows the predicted differential effect of the federal minimum wage increase on the size of the various skill groups in Mississippi compared to Alaska.
states most affected by the 1990-91 minimum wage increase may also be part of the explanation why studies using a broader definition of skill groups (e.g., Card, 1992) do not find a negative impact on employment. These employment results depend on the accuracy of the estimates of the wage evolution curves. If, for some reason, the wage evolution curves systematically underestimate the wage increase for unskilled workers in highimpact states, too few individuals will be classified as unskilled in those states. While figure 2 shows that the wage evolution curves estimate a relatively large wage increase for the unskilled in the high-impact states, one should be aware of the sensitivity of the employment effects to any possible bias in the wage evolution curves. For this reason, the primary contribution of this paper is the evidence on the effect of the minimum wage on the efficiency of rationing rather than the evidence on the employment effects of the minimum wage.
The results for the education groups are shown in panel B. Overall employment in high-impact states rose relative to low-impact states, but this rise should probably be attributed to relatively favorable economic conditions in highimpact states rather than the minimum wage since we also find employment increases for groups unlikely to be affected by the minimum wage. While the relative employment increase in high-impact states was less pronounced for high school dropouts than for high school graduates, much of this difference arises because employed high school dropouts comprise a smaller fraction of the working-age population (10%) than employed high school graduates (25%). It is especially striking that the fraction of non-employed high school dropouts fell sharply in the high-impact states compared to low-impact states. Because this fall is nearly four times as large as the employment increase among high school dropouts in high-impact states, many of the non-employed high school dropouts in high-impact states must either have migrated to low-impact states or obtained high school degrees. Thus, when estimates are based on education groups, no clear negative employment impact of the minimum wage on low-wage workers is apparent. However, this lack of an impact may be due to the fact that low-wage workers cannot be identified with enough precision by education groups.
Effects on the Efficiency of Rationing
To examine whether the increase in the minimum wage led to a less efficient allocation of jobs among unskilled workers, I regress a proxy for the average reservation wage of unskilled workers in each state on the impact of the minimum wage increase in that state, controlling for changes in the level of employment among the unskilled (see equation 6). The results of this regression are reported for each of the four reservation wage proxies in the first column of panel A of table 5. Similar regressions are run for the other skill groups to check for exogenous state-specific movements in reservation wage proxies that happen to be correlated with the impact measure. These results are reported in the remaining columns.
The table shows that the minimum wage had a negative effect on the average reservation wage in the unskilled group according to all four proxies. This decline is significant at the 5% level for two of the proxies and marginally significant for one. 22 The coefficient on the change in employment among the unskilled (∆ group size) is positive, as theory would predict, for three of the four proxies but is not significant for any of them. These movements in the average reservation wage suggest that the allocation of jobs among unskilled workers, if anything, became relatively more efficient in those states where the minimum wage had the largest impact. These results suggest that the increase in the minimum wage increase did not lead to more inefficient rationing.
In order to get some sense of the magnitude of the estimated impact on the reservation wage proxies, it is instructive to convert these proxies into reservations wages. Multiplying the coefficient ∂proxy/∂impact from table 5 with the coefficient ∂ln(reservation wage)/∂proxy from appendix table B.1 yields an estimate of ∂ln(reservation wage)/∂impact, or the implied effect of the minimum wage increase on log reservation wages. I calculate this implied effect separately for each of the four reservation wage proxies. Though this conversion exercise relies on rather strong assumptions (in particular, that the whole impact is captured by the proxy), it is reassuring that the implied effects are small and consistent for the four proxies. The four point estimates suggest that compared to Alaska (the lowest impact state), the average reservation wage of unskilled workers in Mississippi (the highest impact state) changed between -0.3 and -0.1 percentage points due to the minimum wage increase, with the four 95% confidence intervals covering a range from -0.7 to 0.2.
An alternative explanation for these results is that the reservation wage proxies showed a relative decline in the high-impact states for some reason unrelated to the minimum wage increase. In this case, however, one would expect to find negative coefficients on the impact measure for all skill groups. Instead for three of the four proxies, these coefficients are positive for the low-skilled group, which is the group that is most similar to the unskilled. 23 Hence, it seems 22 Lang and Kahn (1998) find that the employment composition of less skilled workers moved towards teenage and student workers in states where the minimum wage impact was largest. Their finding contrasts with my finding that the minimum wage increased the fraction of individuals older than 30 among the unskilled workers. Perhaps this difference is due to the measure of skill. Lang and Kahn identify less skilled workers as those employed in the eating and drinking establishments and working in food service occupations. 23 To test whether the reservation wages of unskilled workers fell relatively more in the high impact states after controlling for any common shocks to the lowest two skill groups in each state, I ran the following regression:
unlikely that an exogenous relative decline in reservation wage proxies in the high-impact states can explain the results, unless this decline affected unskilled workers without affecting other skill groups. Another alternative explanation for these results is a bias in the formation of the skill groups. In particular, the relative reservation wage of unskilled workers could fall in the high-impact states if low-skilled workers have lower reservation wages and a greater proportion of low-skilled workers are misclassified as unskilled in the high-impact states in 1992. 24 Three of the four reservation wage proxies are indeed lower for the low-skilled than for the unskilled (as table 3 shows). It seems unlikely, however, that a greater proportion of low-skilled workers are misclassified as unskilled in the high-impact states in 1992 because, as table 4 shows, these states had a relative increase in the number of individuals classified as low-skilled and a relative decrease in those classified as unskilled.
Panel B of table 5 examines whether the change in the demographic composition of the skill groups is also correlated along other dimensions with the impact of the minimum wage increase. 25 The first column shows that only the fraction of high school dropouts is significantly related (at the 5% level) to the impact of the minimum wage. The negative coefficient on high school dropouts suggests that the minimum wage may have led to a relative increase in the average level of education of unskilled workers in high-impact states. This might be an indication that some variation in skill levels is present even within the unskilled group. If this is the case and the least skilled within the unskilled group lost their jobs due to the change in minimum wage, then the average education level among unskilled workers would indeed increase. Though there is a significant relation between some of the demographic proxies and impact of the minimum wage for the other skill groups, the difference in the impact of the minimum wage on the demographic composition of unskilled and low-skilled workers is insignificant for all demographic characteristics except for the fraction 
where unskilled k is a dummy variable for unskilled workers, δ s is a set of state fixed effects and the remaining variables are the same as in equation (6). The regression is run for unskilled and lowskilled workers combined and thus has 102 observations. The direct effect of impact s is absorbed by state fixed effects. The coefficient β is significantly negative for all four reservation wage proxies, confirming that the relative drop in the reservation wages of unskilled workers in the high impact states cannot be driven by shocks to the two lowest skill groups that happened to be correlated with the impact of the minimum wage increase. 24 Note that, for such misclassification to occur, the bias in the estimates of the wage evolution curves would need to be in the opposite direction of the bias needed to explain the employment results. 25 This was tested using the same specification as in regression (8), except that the reservation wage proxy was replaced by a demographic characteristic. 3) The independent variable are Impact of minimum wage, which is a measure of the impact of the 1990/91 federal minimum wage increase in each state, and ∆ Group size, which is the change between 1989 and 1992 in the size of the relevant skill group as a fraction of the working-age population (ages 16-65). Impact of minimum wage is measured as the fraction of workers between the ages of 16 and 65 whose wage in 1989 was greater or equal than $3.35/hr and strictly less than $4.25/hr. 4) For each skill group and dependent variable, a separate cross-section regression is estimated with the 51 states as observations. In each regression, I instrument the Impact of minimum wage by its value lagged one year. The lagged value of this impact measure is calculated using only CPS observations that are in their second interview year, i.e., those that cannot appear in the next year. Observations are weighted by the harmonic mean of the number of observations in the two years of each state-skill group cell.
married. Therefore, it seems unlikely that the differential change in the reservation wage proxies for the unskilled in the high-impact states can be explained by random shocks that happened to affect unskilled but not low-skilled workers in those states.
The results from the wage-based skill groups therefore indicate that the allocation of employment seems to have improved for unskilled workers in states where the impact of the minimum wage was high relative to other states. This finding provides evidence against the hypothesis that the increase in the federal minimum wage led to an increase in the amount of inefficient rationing in the labor market.
To test the sensitivity of the results to the definition of skill groups, table 6 shows the results for education groups. The first column tests the effect of the minimum wage change on reservation wage proxies for high school dropouts, the group most likely to be affected by the minimum wage. There are no significant effects for any of the four proxies, though the estimate is positive for three of the proxies and marginally significantly so in two of the cases. Thus, while these estimates are not inconsistent with the findings using the wage-based skill groups, the point estimates generally hint at an increase in average reservation wages among high school dropouts, which would indicate more inefficient rationing. An advantage of using education groups is that it allows one to compare the impact of the minimum wage on employed persons to the impact on non-employed persons. In this way, one can control for exogenous shocks to reservation wages that are common to employed and non-employed individuals. The last three columns show the impact of the minimum wage on the reservation wage proxies of the employed compared to the non-employed. Among high school dropouts, this differential impact is significantly positive for two of the proxies. The evidence from the education-based skill groups on the effect of the minimum wage on the efficiency of rationing is therefore more mixed, with some evidence suggesting that the minimum wage has an adverse effect on the efficiency of rationing. As argued earlier based on evidence from table 3, being a high school drop out is a relatively noisy proxy for having skill level corresponding to wage that is affected by the minimum wage. This may temper one's confidence that the estimated effects on the reservation wage proxies of high school dropouts are causal effects of the minimum wage. 3) The independent variable are Impact of minimum wage, which is a measure of the impact of the 1990/91 federal minimum wage increase in each state, and ∆ Group size, which is the change between 1989 and 1992 in the size of the relevant skill group as a fraction of the working-age population (ages 16-65). Impact of minimum wage is measured as the fraction of workers between the ages of 16 and 65 whose wage in 1989 was greater or equal than $3.35/hr and strictly less than $4.25/hr. 4) For each skill group and dependent variable, a separate cross-section regression is estimated with the 51 states as observations. In each regression, I instrument the Impact of minimum wage by its value lagged one year. The lagged value of this impact measure is calculated using only CPS observations that are in their second interview year, i.e., those that cannot appear in the next year. Observations are weighted by the harmonic mean of the number of observations in the two years of each state-education group cell.
Conclusion
In this paper, I examine the impact of the minimum wage on the level and composition of employment. Because the minimum wage primarily affects individuals whose skill level is sufficiently low so that the minimum wage is binding for them, it is important to identify these individuals accurately and precisely. I present a new methodology to identify these unskilled workers.
Using the overlapping panel nature of the CPS, I estimate how the wages corresponding to a constant skill level changed over time in each state. I then use this information to infer each worker's skill from the actual wage paid to this individual. Using this methodology to identify workers' skills, I find suggestive evidence that the 1990/91 increase in the federal minimum wage reduced employment among unskilled workers. However, their employment reduction seems to be largely compensated for by increased employment among the next skill group, which is likely to be a close substitute. Hence, for a more broadly defined group of less skilled workers, I do not find evidence of a large negative employment impact. This may help to explain why estimates relying on relatively imprecise measures of skill such as age, education, or occupation may not find large employment effects from minimum wage increases.
Contrary to what theory would predict if rationing were inefficient, I do not find significant increases in reservation wage proxies in states where the minimum wage increase had a large impact relative to states where the minimum wage increase had little impact. Thus, my findings do not suggest that the minimum wage increase led to a more inefficient rationing of jobs among unskilled workers. If anything, the allocation of jobs seems to have become relatively more efficient in states where the impact of the federal minimum wage increase was larger. In other words, those who valued their job least, as measured by four reservation wage proxies, appear to have become less likely to hold a minimum wage job.
An advantage of the wage-based skill measure is that it reflects firms' valuations of skills. By construction, the unskilled group identifies only lowwage workers, precisely those who are most affected by a minimum wage increase. However, the methodology used to construct these wage-based skill groups is relatively complicated and one might be concerned that the results could be driven by some bias in the formation of the skill groups. I show that the finding that minimum wages do not adversely affect the efficiency of rationing can only be explained by a bias in the skill groups if relatively more low-skilled workers are misclassified as unskilled in high-impact states. This, however, seems unlikely because the number of unskilled workers fell relative to low-skill workers in high-impact states.
These results have mixed implications for the desirability of the minimum wage as a policy instrument. The absence of evidence of inefficient rationing suggests that there is no need to add the deadweight loss of job misallocation to the other costs associated with minimum wages (such as any effort cost of trying to obtain the rationed jobs or the efficiency costs of employment reductions). On the other hand, the results do indicate that an increase in the minimum wage reduces the employment rate of unskilled workers. This means that policy makers who are concerned about people at the very bottom of the wage distribution should be cautious about advocating the minimum wage as an instrument for income redistribution.
Appendix A: Matching individuals in two consecutive years of the CPS
This appendix describes the procedure used to match individuals who appear in two consecutive years of the CPS.
This matching procedure is not straightforward because the CPS samples residential units and does not contain person identifiers. Therefore a single residential unit identifier may correspond to two different households in cases where a household moves. The idea behind the matching procedure is to use information about the sex, race, age and relationship codes of individuals within each household to (i) assess the likelihood that a single household identifier indeed identifies the same household in both periods and (ii) to match individuals within households. Madrian and Lefgren (2000) explain the rotating design of the CPS and examine several different matching procedures. My approach is consistent with their recommendations.
The first column of table A.1 describes the matching process between 1989 and 1990. The CPS interviews individuals for four consecutive months, then waits eight months, and interviews them again for four consecutive months. The outgoing rotation groups only contain individuals in their 4 th or 8 th interview month. Therefore, only observations in their 4 th interview month in 1989 or in their 8 th interview month in 1990 need to be considered for a match. As rows 1a and 1b show, there are 335,012 such observations with 95,309 distinct household identifiers. However, dropping households that appear only in one year leaves 297,712 observations in 75,245 households (see rows 2a and 2b). Within each household, the maximum number of matches is the lowest number of observations in that household over the 2 years. As shown in row 3, this reduces the number of potential matches to 139,862 or 279,724 person-year observations.
Of these 139,862 potential matches, 122,452 unique matches were identified. Matched observations have the same household identifier, race and gender, and the age of the person must have increased by two or fewer years. Some multiple matches are resolved by requiring that the age of the person increased by exactly one year and by using the relationship codes. Multiple matches that cannot be resolved are discarded.
Even if a unique match is identified, it is unclear that the matched observations refer to the same individual. First, the same household identifier might be used for a different household if the original household could not be located by the interviewers. The matching routine rates each matched household on a five-point scale indicating the likelihood that the same household identifier refers to same household. This rating is based on the number of matched individuals in the household, the number of non-matched individuals, their ages and relationship codes. 26 Second, within the same household, the wrong individuals could be matched to each other. For example, this could happen if one person moved out and a different person of the same age, race and gender moved in. Hence, the quality of the individual matches within each household is also rated. This rating is based on the method used to resolve any multiple matches, on the relationship codes and on whether the person aged by exactly one year.
These subjective quality ratings are validated using education for the 1989/90 and the 1990/91 matches. The education validation is not possible for 1991/92 because the education definitions changed. As expected, the validations show that matches with higher quality ratings are less likely to have incompatible education levels, where incompatible education levels are those that decrease over time or increase by more than two years. These validations are used to determine the quality ratings of the household and individual match required for a "highquality" match. As rows 4a and 4b show, 92.6% of the unique matches in 1989/90 are considered high-quality. Of these high-quality matches, 2% have incompatible education levels, whereas nearly 10% of the low-quality matches have incompatible education levels (see rows 5a and 5b). Of the high-quality matches, even the most highly rated matches still have a rate of incompatible education levels of 1.9% (not shown in the table). This raises the suspicion that the base rate of misreporting education levels may be close to 1% per year. In this case, the number of false positive matches may be substantially lower than the 2% suggested by the education validation. On the other hand, some false positive matches may not be detected by the education validation because both individuals happen to have the same level of education.
For the estimation of the wage evolution curves, I only use high-quality matches. Row 6 shows that 45,687 matches of the 113,429 high-quality matches have non-missing wage data in both years. While this fraction may seem low, one should realize that the matches also include the elderly population and that imputed or allocated wages are treated as missing. 
5)
Validation based on education 5a) Low-quality matches: % incompatible education 9.7 % 8.7 % n/a 5b) High-quality matches: % incompatible education 2.0 % 1.9 % n/a 6) High-quality matches with non-missing wages in both years 45,687 46,526 45,704 observations with missing average hourly earnings. The second control for skill is the individual's predicted wage. This prediction is based on the demographic characteristics of this individual, including the reservation wage proxies, year dummies and characteristics of the local labor market. It is important that the reservation wage proxies are included in order to control for those components of the proxies that reflect skill rather than effort and time costs of working. To predict wages, I first run an OLS regression of log average hourly earnings on these individual demographics, year dummies and local labor market conditions for a sample of 41,246 working family heads aged 16 to 64. 28 This sample is also drawn from the 1980 to 1987 waves of the PSID but does not overlap with the sample of unemployed individuals with self-reported reservation wages. Next, the coefficients of this regression are applied to the demographic and labor market characteristics of the sample with self-reported reservation wages to generate a predicted log wage.
The results of the OLS regressions of log self-reported reservation wages on the reservation wage proxies and skill measures are reported in table B.1. All four reservation proxies have a positive effect on the self-reported reservation wage and the effect is significant for all proxies except the third proxy, No. of other adults in the family. Hence, these proxies are not only plausible on theoretical grounds but also confirmed empirically. When all four proxies are entered jointly in the regression (not reported), the fourth proxy remains significant but the first three become insignificant. This is not surprising because the first three proxies are highly collinear. The controls for skill are highly significant and the results are as expected: more highly skilled individuals have higher reservation wages. 28 The demographics and controls include sex, race dummies (black, white and other), marital status dummies (married/cohabitating, single, widowed and divorced), education dummies (high school dropout, high school graduate, some college, college degree or more), a six-segment linear spline in age (breakpoints at 20, 30, 40, 50 and 60) , seven dummies for the number of kids under 17, nine dummies for family size, a ten-segment spline in the first reservation wage proxy (other earnings), a full set of dummy variables for the other three reservation wage proxies, year dummies and seven dummies for the county unemployment rate. The adjusted R 2 o f t h i s regression is 0.229. 2) The dependent variable is the self-reported reservation wage, which is the answer to the question: "What is the lowest wage or salary you would accept on any job?" 3) The data are from the PSID. The reservation wage question was asked from 1980 to 1987 to unemployed family heads who have been looking for work in the last four weeks. For consistency with the CPS reservation wage proxies, the sample is limited to individuals aged from 16 to 64. Finally, 33 individuals with missing education information were dropped. 4) The log average hourly earnings of individuals for whom this variable was initially missing was set equal to the sample mean.
